Table of Contents

1 L e Yo 11T £ o) o TP 11
1.1 Purpose and Organization of this Manual ... 1-1
1.2 Summary of RECENT ChaNgES ......ccoiiiiiii it e e et e e e st e e e s snteeeessnraeeeeans 1-3

1.2.1 California’s Energy Crisis and Assembly Bill 970 ............coiiiiiiiiii e 1-3
1.2.2 Assembly Bill 970 ChanQES ........ocoi ittt ettt e e e e sbae e e e snaeeeeeneee 1-4
1.3 = Ted (o | (o] 1o T S PP SUPPRRPRN 1-9
1.3.1 Legal Requirements — The Warren AlQUISTt ACL..........cocuiiiiiiii e 1-9
1.3.2 Benefits of EnNergy CONSEIVALtION ..........oooiiiiiiiiiiiiiee et e e e e e e e 1-9
1.3.3 Which Standards Apply? Nonresidential vs. Residential.............cocociiiiiiiniiiie 1-10
1.4 Introduction to the Residential Standards ... 1-12
141 Compliance APPrOACRES ... ettt e e e e e e e e e e e 1-12
1.4.2 MaNdatory MEASUIES ........ouiiiiiiieie ettt e e s e e nnnee s 1-12
1.4.3 Prescriptive PaCKagEs ..........oii it 1-12
1.4.4 Performance METhOAS...........uiiiiiiee et e e s e e s enneee s 1-13
1.4.5 California CliMate ZONES.........uii it e e e snree e e e nree e e enees 1-14
1.4.6 Compliance and Enforcement Phases of the Building Process ..........c.ccccceevviiiieiiiineeeee, 1-15
1.4.7 How to Comply with the Standards.............coooiiiiiii e 1-16
1.4.8 Compliance DOCUMENTALION .........ccoiiiiiieiie e e e e e e e e e 1-18
1.4.9 The Guide to California Home Comfort and Energy Savings .........cccoeccviiieeeeeciiecciiiieeen, 1-22
1.5 Code DeCiSions: Case StUIES ......ueiiieeei it er e et e e e e e e e e e e e e e e e sennnreeeeaaeeean 1-24
1.6 WhEre TO Gt HEIP ...t e e e e e e 1-27
1.6.1 U o] o= (o o - SRR 1-27
1.6.2 Appliance Certification Information ... 1-27
1.6.3 Insulation Certification......... ..o e 1-28
1.6.4 LIz LT aTe @] o] oo o (B g1 11T SRR 1-28

2 MaNdatory MEASUIES........ccuiiiiiirir i a s e e e e ea e e Ea s R R e Ea s an e Ea s ann e e nsan 241
2.1 T 10T [T i o TSR 2-1
2.2 T TS0 =Y (oo SRS 2-2

2.21 Certification of Insulating Material...............oooiiiiiiiiii e 2-3
222 (71 {[TaTo T 0 T<T01 F=1 i o TSRS PR 2-4
2.2.3 L00SE Fill INSUIALION ...t r e e e e e e e e e e e e e e ennneeeas 2-7
224 LAV = 11 L T = 11T o USSR 2-8
225 Raised FIoor INSUIALION ........ooiiiiiiei e e e e e e e e e e e e e e ennnes 2-12
226 Slab EAGe INSUIAHION ........ooiiiiiiei e e 2-13
227 Insulation in EXisting BUildiNgS...........uiiiiiiiiii e 2-15
2.3 Fenestration / EXIErior DOOIS.........ooii e ee e e et e e e e e e e e e e e e e e e e eaaenes 2-16
2.4 Infiltration and MOIStUre CONIIOL...........c.ueiiiiiie e e 2-23
241 Joints and Other OPENINGS .......oiiiiiiiiie et e e et e e e st e e e e st eeessnteeeeeanes 2-23
2.4.2 VapOr BartiEr.....coooo oo 2-24
24.3 Special INfiltration Barmier...........ooii oo e e e e e e e e e e 2-25
244 Fireplaces, Decorative Gas Appliances and Gas LOgGS ........cceveeiiiiciiiiiiiieeeeiccciirieeee e 2-25
2.5 ST o= Totc I 0] oo [1 o) a1 oo SRR SOURPR 2-28
251 Systems and Equipment Certification, Appliance Efficiency Regulations ..............cc.c......... 2-28
252 Space ConditioNiNg SIZING .......cooiiiiieiiie e bee e 2-30
2.5.3 Sethack ThermMOSTatS . ... e e ee e s 2-32
254 Heat PUMP CONTIOIS ... ..ottt e e e e e e e e e e e e e annes 2-33
255 Insulation for Refrigerant Lines in Split System Air Conditioners .............cccceeiiiiiieiiiieenee 2-34
2.5.6 Ducts, PIenums, @nd FANS........cooi i 2-34
25.7 Duct Installation STaNdards ............coooiiiiiiiiiiee e 2-38
25.8 1o IR o £SO 2-42
2.6 Water Heating and PIUMDING ...t 2-42
2.6.1 Equipment CertifiCation.............ooiiiiiiiiiiee e 2-43
2.6.2 Water Heater Tank INSUIGtION .........c.ooiiiiiiiie e 2-44

Residential Manual

August 2001 i



2.6.3 PiIPE INSUIALION ... e e e e e e e e e e e e e e e e e e e e ennraaraae e s 2-45

2.6.4 Solar Water HEatiNg ........ccooiiiiiiiieeie e e e e e e e e e e 2-48
2.6.5 Pool and Spa EQUIPMENT..........uiii ettt e e e e 2-48
2.6.6 Pilot Lights Prohibited.............c.oooiiiiiii e 2-50
2.7 [T | 1 o PSR 2-51
271 (8o =T o o ] {1 o o PRSPPSO 2-51
2.7.2 Bathroom LiGhting ......coooiiii e 2-54
2.7.3 ReCeSSEd LIghtiNg .....cooiiiiiiiiiie e 2-55
2.8 Compliance DOCUMENTALION...........ccoiiiiiiiiiee e e e e e e e e e e e e e e eans 2-56
3 Prescriptive PacKages..........cciiiiiiiiiceirr s sms s s mmn e nmn e n e 31
3.1 T 10T [ 1o i o TP 3-1
3.2 1= U] = 1o ) o SO RRURR 3-5
3.21 1071 {[TaTo I 1o TST01 F=Y i o o [P EPRR 3-6
3.2.2 Framed Wall INSUIALION ... e e e e e e e e e nraeeeaaeeean 3-7
3.2.3 MasS Wall INSUIGLION.........oo e r e e e e e e e e e e snnnaeeeeaeaean 3-7
3.24 Raised FIoOr INSUIALION ... e e e e e e e e e e nrneeeaae e s 3-8
3.2.5 Concrete Raised Floor Insulation and Below-Grade Walls ...........ccoccviiiiiiiiinin e 3-9
3.2.6 Slab Floor Perimeter INSUIation ... 3-9
3.3 Glazing / FENESIratioN ......cooo i e 3-10
3.3.1 Glazing / Fenestration U-faCor............uiiiiiiiiii et 3-10
3.3.2 Maximum Glazing / FENESIration Ar€a...........cceviiiiiiie it 3-11
3.3.3 ST T To 1o SRS RRRTRRRR 3-11
3.4 (=0 =T gL = 7= Ty 1= PR 3-13
3.5 Thermal Mass (Package C ONIY) .......coiiiiiiiieee ettt e e e e e e s e e e e e e e e e eaes 3-16
3.5.1 SIab FIOOr INEFIOr IMASS ......coiiiiiiii ettt e e e st e e e e ente e e e e sneeeeeens 3-17
3.5.2 Raised FIoor INtErIOr MASS .........coiiiiiiiiiiiie et e e e e e e e e e e e e nnnrnaeeeeeas 3-17
3.6 Space ConditioNiNg SYSIEMS ... e 3-20
3.6.1 GAS SYSIBIMS ...ttt e et e e e e b et e e e ea b et e e e an b et e e e anteee e e anbeeeeaae 3-20
3.6.2 Heat-PUmMP SYSIEMS ... 3-20
3.6.3 Electric Resistance Heating..........oooiiiii i 3-20
3.6.4 Other Space-Heating SYStEMIS ......cooiiiiii e 3-21
3.6.5 Space CooliNg SYSEM TYPE .....eeiiiiiiiiie ettt e e et e e st ee e e s ae e e s eneseeeeanneeeean 3-21
3.6.6 Refrigerant Charge and Air Flow Measurement.............ccccviiiiiiieiiiiie e 3-21
3.6.7 Thermostatic EXpansion VAIVES ............cooiiiiiiiiiiiiieeee et a e 3-21
3.6.8 Setback ThermMOSTAL .......coiiiiie et e e et e e e raeeee e 3-22
3.6.9 D18 o2 3PP 3-22
3.6.10 Documentation and COmMPlaNnCe ..........oooiiiiiiiiiie e 3-22
3.7 Water-Heating SYSIEMS ..ot e e 3-23
3.8 Compliance DOCUMENTALION .......coiiiiiii e e e 3-28
4 Compliance Through Quality CONStruCtioN ..o e 4-1
4.1 I 10 o = 7 1Y o SRR 4-1
411 L0 YT 11 S 4-1
4.1.2 [0 T8 o G I Yo 1 (T o USRI 4-2
41.3 Ducts Inside ConditionN€d SPACE .........ooeiiiiiieiiiiie e 4-3
414 Ducts in Attics with Radiant Barriers ... 4-3
41.5 [0 o2 g Y01 =1 (o o PRSP 4-3
4.1.6 DUCE SUMACE ATCA .....eeieieeiie ettt ettt ettt e et e e e et e e e e nbee e e e enneeeeeneeas 4-3
41.7 D10 o Y= - To T SRR 4-4
4.1.8 ACCA Manual D Design — Duct Layout and System Fan FIOW...........cccccoiiiiiiiiiiniiniee, 4-4
4.2 INfiltration & VENLAtion ...........ooo i e e 4-5
4.2.1 L0 YT 11 S 4-5
422 INAOOT AT QUAETILY ...t e s e e e s e e s anaeee s 4-5
423 Optimal Building ENVelope LeaKage .........c.eeiiiiiiiiiiiiiee e 4-6
424 Lo o] 11 o 4L USRS UPRPRN 4-6
425 =TT =Y gl 0 To o g o ] o U 4-6

ii August 2001 Residential Manual



4.2.6 Mechanical Supply Ventilation Requirements for Unusually Tight Buildings......................... 4-6

4.2.7 Mechanical Ventilation Requirements for Low Leakage Designs............ccccvvvveeeeeceieciivnennen. 4-7
428 Envelope Leakage Credit for Reduced Duct Leakage..........ccccooueeeiiiiiiiiiiiiiiiiiiiee e 4-7
429 Air Retarding Wrap Credit.... ...t 4-7
4210 Reduced Duct Leakage in Combination with Air Retarding Wrap ... 4-8
4.3 Refrigerant Charge and Air FIOW TeStNG .......cuuiiiiiiiii e 4-8
4.3.1 L YT 11 OSSR 4-8
4.3.2 Standard Charge and Airflow Measurement Procedure.............oocuieiiiiiiii e 4-9
4.3.3 Alternate Charge and Airflow Measurement Procedure ...........cccccevviiieeeiiiiieessieee e 4-12
4.4 Diagnostics and Field VEerifiCation .............coooiiiiiiiiiiii et 4-12
441 California Home Energy Rating SysStems..........coiiiiiiiiiiiie e 4-13
4.4.2 HERS Required Verification and Diagnostic Testing........cccvevveiiiiicciiiieeeee e 4-14
443 Installation CertifiCation ...........ocuii i 4-14
444 HERS Verification ProCeAUIES......... ..ottt e e 4-15
445 Responsibilities and Documentation...............coo i 4-19
4.5 Procedures for HYAC System Design and Installation .............cccooieiiiiiiie e 4-20
5 Computer Method...........oiiiiiiii i 51
51 10T [T i Y o SR 5-1
5.2 Compliance with a Computer MethOd ...........ooiiiiiiii e 5-3
5.2.1 Combined ENergy BUAGEL.........cooiiiiiiiiie ettt e e e e 5-3
5.2.2 Combined Energy Budget: Space Conditioning and Water Heating Energy Use.................. 5-3
523 Compliance DemONSIIrAtioN...........cooiiiiiiiiiiee e e e e 5-4
524 AGAITIONS ...ttt E et n e nre e s 5-4
5.3 General ComplianNCe PrOCEAUIE ...........coi ittt e e e e e e e e e s s e areeaaaeeas 5-5
54 Proposed Design Modeling ProCeAUIE.........ccoooe i 5-6
5.4.1 BUilding INfOrmMation ........oooiiiii e 5-7
54.2 Walls, Doors, ROOfS/CeiliNgs & FIOOTS ........uuiiiiieiieiiiiiee et 5-8
54.3 L= A TCT] 1 =1 (o] o RSSO 5-12
5.4.4 RS = o[ 13T PSRRI 5-13
54.5 I 0T = 1 =TT SO 5-15
54.6 Infiltration/Ventilation and Reduced Building Envelope Air Leakage..........ccccovieeeiiniienenns 5-15
547 Internal Gain & Thermostat SetpoiNtS............uviiiiii i 5-17
5.4.8 Space ConditioNing SYSIEM .......coiiiiii e 5-17
549 DIUCES .ttt bttt h e anne e 5-19
5.4.10 A= 1 (=l (== ] o [PPSR 5-20
5.4.11 UNCONAItIONEA SPACE .......uuiiiiiiee ittt e e e e e e e e e e e e e sre e e e e e e e e e anns 5-20
5.4.12 Controlled Ventilation Crawl Space (CVC) ......oooiiiiiiiiiiie e 5-21
54.13 o aT= T I @7 o 1 o S 5-22
5.4.14 (= To 1= T o= 7= o 4 =Y RSSO 5-23
5.4.15 Solar and Wood Stove Boiler Water Heating............cooiiiiiiiiie e 5-23
5.4.16 Combined Hydronic Space/Water Heating ...........cccoooiiiiiiiii e, 5-23
5.4.17 Dedicated Hydronic Space Heating .........coouuiiiiiiiiii e 5-23
5.4.18 BUIIAING AItIONS. ... e st sbe e e nee e 5-24
5.4.19 Active Solar SPace HEatiNG .........coiiiiiiii i 5-24
55 Computer Method DocumeENntation .............cccuuiiiiiiii i 5-24
5.5.1 Y= g To F=T o [ =Y o] o PSPPI 5-24
5.5.2 ONEr FOIMS ottt e s bt e b nareenne e 5-25
5.6 Standard Design ASSUMPLIONS .......ceiiiiiiiiiiiie e e e e e e e e e e rr e e e e e e e e s snarraaeeeaeas 5-33
6  Water Heating Calculations...........cccociiiimmiiniiininir s s s 6-1
6.1 10T [ T i ) o PR 6-1
6.1.1 Water Heating Calculation Method Compliance/ Plan Check ...........cccooiiiiiiiiiiiiie 6-3
6.1.2 Additions that Increase the Total Number of Water Heaters .............ccccooiiiiinini 6-8
6.1.3 Water Heating INSPECHION..........eiiiie e 6-8
6.2 BasicC APProach ... 6-9
6.3 INStructions, FOrMS & TabIeS.........oiiiiiii e 6-11

Residential Manual August 2001 iii



6.3.1 DHW-1, Water Heating WoOrksSheet ............ooooiiiiiiiiiee e 6-11

6.3.2 DHW-2A, Water Heating for Single Family with Multiple Heaters.............cccccccooviiiinnnen.n. 6-13
6.3.3 DHW-2B, Water Heating for Multi-Family...........ccoooiiiii e 6-14
6.3.4 DHW-3, Large Storage Gas or Indirect Gas Worksheet ...........ccccceeiiiiiiiii e, 6-15
6.3.5 DHW-5, Combined Hydronic Space and Water Heating...........ccccooceiiiiiiii i 6-16
6.4 CaSE SHUAIES ...ttt et oot e e e e e e e e e e e e e e e e e e e nneeeeeeaee e e e e nneeeaaeeeaaaannn 6-27
6.5 Combined Hydronic Space and Water Heating ..........coooioiiiii e 6-31
6.6 Y S G T =TT o] 1] T USSR 6-31
7 Additions and ARErations ... e e 71
71 Compliance Approaches for AdditioNS...........cooiiiiiiiiiie e 7-1
711 Basic APProaches........ccooooiiiiiiiiii 7-3
71.2 Addition AlONE, PreSCHPLVE. .....oii it e e e e e e e e e e e e e e e enanes 7-5
71.3 Addition AloNe, PerfOrMancCe...........oii it 7-5
714 Existing Plus Addition, Performance ONly ... 7-5
7.1.5 New Construction, Prescriptive or Performance ..........cccccooo oo 7-6
7.2 Prescriptive Requirements for AddItiONS..........cooiiiiiiiii e 7-6
7.2.1 MaNAAtOry MEASUIES .........eiiiiiiiei et e e s e e s e e nees 7-8
7.2.2 ENVEIOPE MEBASUIES ...ttt e e e e e e e et e e e e e e e e s nneeeeeeaaeeeaannnnneeaaaeann 7-8
7.2.3 Space ConditioNiNg MEASUIES...........uuiiiiiiiiie e 7-9
724 LAV = L (=Tl (== 1] o PP PURPRE 7-15
7.3 Performance Requirements for AdditioNS ..............ooeiiiiiiiiiii e 7-16
7.31 MaNAatory MEASUIES ........coi ittt e et e e e e e s e e e e e e e e e ennbeeeeeaeeas 7-17
7.3.2 Addition AlONE ProCEAUIE..........oiiiiiiiie et enbee e e e 7-17
7.3.3 Existing-Plus-Addition ProCeAUIe...........c.uuiiiiiie ettt 7-17
7.3.4 Default Assumptions About the Existing Building..............cooooiiiiiiiiie e 7-21
7.3.5 Water Heating Performance ComplianCe...........occuiiiiiiiiiiiii e 7-22
7.4 [B]oTo101 01T a1 c= 11[0] a1 (o] g aXo [ 11 i{o o =S 7-23
7.5 =Y = 11 o 1SR 7-24
7.51 10T [T i o PR 7-25
752 Prescriptive REQUIrEMENES ...t a e e e e e ee s 7-25
7.5.3 Water HEAtNG ...t 7-28
754 Performance ReqUIrEMENTES...........cooiiiiiiiiieicee e 7-29
755 Documentation Requirements ... 7-30
7.6 =T 0= 11 T TSP SPR 7-31
8 Special CoMPlIANCE TOPICS .....cevrireerrrrrearrrrsssrerssssrerssssrerssssseeesssaneeesssameessssansesssssnsesssssnsesssssesssssnnes 8-1
8.1 MUlti-Family BUIIAINGS .......eveiiiiieie et e e e e e e e e e e e s ae e e e e e e e e sanreeaaaeeean 8-1
8.2 Mixed OccupanCy BUIlAiNGS ..........eiiiiiiiie et e e e e s 8-5
8.3 Subdivisions ANd MaSter PIANS ...........ueiiiiiiiii e ee e e e e aeeas 8-5
8.3.1 Compliance REQUIMEMENTES .........viiiiiiiiie et s ee e 8-5
8.3.2 Individual Building ApPProach ... 8-6
8.3.3 Multiple Orientation Alternative: No Orientation Restrictions ............ccooooiiiiiii, 8-6
8.4 Fenestration ProdUCES ... ... et e e e e e e a e e e 8-7
8.4.1 FEeNestration CatE@gQOrieS .......cocuuiiiiiiiii ettt e e s et e e e e snbae e e e nseeeeeannees 8-8
8.4.2 ENergy IMPact ... ...t e e e e e e e e e e e e e 8-8
8.4.3 Fenestration TEIMS ... ..ot e e e e e e e e e e e eeeea s 8-9
8.4.4 U-factor CertifiCation...........ooi i e eeas 8-11
8.4.5 U-factor for Product Specification Compliance/ Plan ChecK............ccoocciiiiiiiiiiiiiiiiiee. 8-11
8.4.6 SHGC CertifiCation ......ccoiiiiiiie it e et e e s st e e e ante e e e e sbeeee e e 8-11
8.4.7 SHGC Specification Compliance/ Plan Check ... 8-12
8.4.8 Fenestration Products ConstruCtion ............ccooo oo 8-12
8.4.9 BaAy WINAOWS ...ttt ettt e ettt e e e n e e e et e e e anbee e e e eeas 8-13
8.5 WO0O0d SPace HEAtING .......veiiiiiiiiii ettt e et e e s sbee e aae 8-13
8.6 Controlled Ventilation Crawl Space (CVC) .......oooiiiiiiiiiiii e 8-15
8.7 o] = I O] o1 14 o) PRSPPI 8-17
8.8 Hydronic/Combined Hydronic Space Heating ............cccuviiiiiiieiiiiie e 8-19
iv August 2001 Residential Manual



9

(XY= oTo] = 1 1)Y= N @70 o] 1oV NSRS 8-25

Geothermal (Ground Source) Heat PUMP ........uiiiiiiiiieeee e 8-26
(oo (] 0= PRSPPSO 8-26
Straw Bale ConstruCtion ... 8-27
Radiant BarmiErs......ccoooiiiiiiie i 8-28
....................................................................................................................................................... 9-1

Residential Manual August 2001 v



List of Figures

Figure 1-1— California ClIMate ZONES..........coo it e 1-15
Figure 2-1 — Summary of Mandatory MEASUIES..........cooiiiiiiiiiie e 2-2
Figure 2-2 — Ceiling Insulation Construction Detalil ...............ouiiiiiiieiiiiie e 2-6
Figure 2-3 — Cathedral CeiliNg...........uiiiiiiiii ettt e e e e s e e e e tee e e e enntee s e nteeeeennsaeeeeannees 2-6
Figure 2-4 — Concrete Wall INSUIALION ..........oooiiiiieiie et e e e e et e e e stee e e e nbae e e e nnnes 2-9
Figure 2-5 — Wall Construction Detalil.............cooiiiiiiiiiiiiiiie e a e e e e e e e e e e e e e e e nanes 2-10
Figure 2-6 — Brick Wall Construction DetailS...........cc.uuuiiiiiii i a e 2-11
Figure 2-7 — Raised FIOOr INSUIALION ...........ouviiiiiiiii e e e e e e e e e e et e e e e e e e e e e e nanes 2-13
Figure 2-8 — Slab Edge INSUIALION ..o et 2-14
Figure 2-9 — TempPorary LAbel ...ttt e e enbe e e e e anbe e e e e nnees 2-20
Figure 2-10 — Caulking and Weather Stripping ..........eceoiiiiiiiii e 2-24
Figure 2-11 — Fireplace INStallation .............ooo e e 2-27
Figure 2-12 — Duct Installation (RIGNE).........cooiiiiiiiiie et 2-39
Figure 2-13 — Duct INStallation (WFONG).......cceiiiiiieiiiiie ettt ste e et e e e et e e e e e e e e nnte e e e enreeeeeennees 2-39
Figure 2-14 A — Connections for Nonmetallic Air Ducts and Air ConNectors............ccccvevvcieeeeeiiiee e 2-40
Figure 2-14 B — Connections for Nonmetallic Air Ducts and Air Connectors............ccccveevcieeeeiiiiee e 2-40
Figure 2-14 C — Connections for Nonmetallic Air Ducts and Air CONNECOrs...........ccccvveeeieeeeiiiciiiieeeee e, 2-40
Figure 2-15 A — Splices for Nonmetallic Air Ducts and Air CONNECIOrS ..........ccoviiiiiiiciiiiiiie e 2-40
Figure 2-15 B — Splices for Nonmetallic Air Ducts and Air CONNECIOrS ..........cccieeiiiiiiiiiiiiiee e 2-41
Figure 2-15 C — Splices for Nonmetallic Air Ducts and Air CONNECLOrS .........eeviiieiiiiiciiiiieiee e 2-41
Figure 2-16 — Flexible DUCE SUPPOIT..........uiiii ittt e e e e b e e e e e 2-42
Figure 2-17 — Hanger or Saddle Material ............oooiiiiiiiiie e 2-42
Figure 2-18 — Meeting Pipe Insulation Requirements for Storage Tank Water Heaters...............cccocccee 2-46
Figure 3-1 — California ClIMate ZONES..........ooi it st anes 3-3
Figure 3-2 — Methods of Installation for Radiant Barriers............ccoooiiii e 3-14
Figure 3-3 — Thermostatic EXpansion VaIVe ...t 3-22
Figure 4-1— Benefit of Thermostatic EXpanSion VaIVeE ...........coocuiiiiiiiiii it 4-9
Figure 4-2— Measurement Locations for Refrigerant Charge and Airflow Tests.........ccccocvveiiiicee e 4-10
Figure 4-3 — Simplified Flowchart of the Sampling Process for Diagnostic Testing by a HERS Rater.......... 4-16
Figure 5-1 — Example Energy Use Summary on C-2R (PAge 1) ....uuiiiiiiiiiiiieeiee et 5-4
Figure 5-2 — Determining Front Orientation............ooo e e 5-8
Figure 5-3 — Controlled Ventilation Crawl SPacCe ..........cooiuiiiiiiiiie e 5-21
Figure 5-4 — Zonal Control Modeling ASSUMPLIONS ........oiuiiiiiiiiiie e 5-23
Figure 5-5 — Sample CF-1R and CF2-R FOMMS ......uiiiiiiiiee e 5-26
Figure 5-5 — Sample CF-1R and CF2-R Forms (CONtiNUEd) ........cooiiiiiiiiiiiieiiiece e 5-27
Figure 5-5 — Sample CF-1R and CF2-R Forms (CONtINUEd) ........cooiiiiiiiiiiiie e 5-28
Figure 5-5 — Sample CF-1R and CF2-R FOorms (CONtNUEd) .........coccuiiiiiiiiiee e 5-29
Figure 5-5 — Sample CF-1R and CF2-R FOorms (CONtiNUEd) .........ccccuiiiiiiiiie e 5-30
Figure 5-5 — Sample CF-1R and CF2-R FOorms (CONtiNUEd) .........coccuiiiiiiiiiee e 5-31
Figure 5-5 — Sample CF-1R and CF2-R Forms (CONtINUEA) .........ccvviiiiiiiiiiiiiieie e 5-32
Figure 5-5 — Sample CF-1R and CF2-R Forms (CONtNUEA) .........cooviiiiiiiiiiiiiieee e 5-33
Figure 6-1 — Largest Residential ENergy ENd ...ttt a e 6-2
Figure 6-2 — Water Heater System Energy FIOW Diagram ...........coooiiiiiiiiiiie e 6-2
Figure 6-3 — Wo00d STOVE BOIIET .........ooiiiiiiie ettt e e e b e e e e 6-34
FIGQUIE 6-4 — POINE Of USE.....oiiiiiiiii ettt e e s e e e et e s e nbe e e e e aneee e e ennees 6-36
Figure 7-1 — Addition Alone ComplianCe APPrOACK .........oiiii it e e e e e e e e e e ennnes 7-5
Figure 7-2 — Existing House Plus Addition Compliance Approach ... 7-6
Figure 8-1 — Multi-Family Building Compliance OPLioN ..........coouiiiiiiiiiie e 8-3
Figure 8-2 — Subdivisions and Master Plans Compliance Option ...........cccciiiiiiiiireiiiie e 8-7
Figure 8-3 — Controlled Ventilation Crawl SPACE ........cccooiiiiiiiiiiie et ee e e 8-16
Figure 8-4 — Zonal Control EXAMPIE..........uiiiiiiiiii e eiiie et e et e et e e e st e e e e st e e e s antee e e e snte e e e anreeeeeennees 8-18
Figure 8-5 — Hydronic Heating Heat Distribution DeVICES .........c..uvuiiiiiiiiiiieeec e 8-21
Figure 8-6 — Space and Water Heating Capability ..............coooiiiiiiiii i 8-21

vi August 2001 Residential Manual



List of Tables

Table 1-1 — lcons Used in DOCUMENT....... ... ettt e ee e e e e e e e et e e e e e e e e e s anneeeeeaaeeaaaannes 1-3
Table 1-2 — Summary of Changes t0 Package D ..........oouiiiiiiiiii e 1-5
Table 1-3 — Alternative to Package D (Alternative to Duct Sealing and TXV Requirements) ...........cccccccneee. 1-7
Table 1-4 — Building Types Covered by the Low-Rise ReS|dent|aI and Nonresidential Standards............... 1-11
Table 2-1 — Installed R-Values for Mineral Fiber Batt INSUIAtion” ..............ccooooueeieieeeeeeeeeeeeeeeee e 2-3
Table 2-2 — Default Fenestration Product U-factors (From Table 1-D of §116 of the Standards)................. 2-18
Table 2-3 — Default Solar Heat Gain Coefficients (From Table 1-E of §116 of the Standards)..................... 2-18
Table 2-4 — Methods for Determining U-factors..............oooiiiiiiiiiiiiie e 2-20
Table 2-5 — Methods for Determining Solar Heat Gain Coefficients............ccccvveiiiiici e 2-20
Table 2-6 — Pipe Insulation Requirements Minimum R-value — Table 1-T from §150()2.........ccccceeviieeernnn 2-45
Table 2-7 — Typical Efficacy of Electric Lighting SOUICES ...........cooiiiiiiiiii e 2-53
Table 3-1 — Summary of Package D ReqUIremMeNts ...........ooiiiiiiiiiiii e 3-2
Table 3-2 — Summary of Alternative to Package D Requirements ..o 3-3
Table 3-3 — Summary of Package C ReQUIrEMENTS ...........uiiiiiiiiieiiiie ettt e e e 3-4
Table 3-4 — Notes To The Low-Rise Residential Packages ... 3-5
Table 3-5 — Ceiling Assembly U-factors, Wood Frame............occiiiiiiieiiiiiee et 3-7
Table 3-6 — Wall Assembly U-factors, Wood Frame...........c.oooiiiiiiiiiiie et 3-7
Table 3-7 — Steel Frame Wall U-faCtOrS..........c.oiiiiiiiiiiiic ettt 3-7
Table 3-8 — Thermal Mass Properti€s. ...........euiiiiiiiiiiiiiiiie ettt e e e e e e e e e e e e e s e e snreeeeaaaeeenannes 3-8
Table 3-9 — Floor Assembly U-factors, Wood Frame ...........coooiiiiiiiie et e e 3-9
Table 3-10 — Allowed Solar Heat Gain Coefficients Used for Form S ... 3-12
Table 3-11 — Interior Mass Capacity Requirements for Package e 3-16
Table 3-12 — Interior Mass UIMC Values: Interior Mass - Surfaces Exposed on One Side™...................... 3-18
Table 3-13 — Interior Mass UIMC Values: Interior Mass® - Surfaces Exposed on Two Sides™ ™.................. 3-19
Table 3-14 — Complying Water Heating Systems1 One Water Heater - No Auxiliary Cred|ts ..................... 3-24
Table 3-15 — Complying Water Heating Systems' — One Water Heater - Solar Credits®...............cccoo.o....... 3-25
Table 3-16 — Complying Water Heating Systems1 — Two Water Heaters — No Auxiliary Credlts ................. 3-26
Table 3-17 — Complying Water Heating Systems' — Two Water Heaters — Solar Credits® ..........c.ccccoeun..... 3-27
Table 3-18 — Reference Notes for Complying Water Heating Systems ....................................................... 3-27
Table 4-1 — Structure of Target Superheat Temperature Table ..., 4-11
Table 4-2 — Structure of Target Temperature Split (Return Dry-Bulb minus Supply Dry-Bulb) Table........... 4-11
Table 5-1 — General Reference Categories for Input/Output Descriptions...........cccooieiiiiieeiieee e 5-7
Table 5-2A — Standard U-factors of Wood Frame Roofs/Celllngs and Walls'.........coooiieeeeeeeee, 5-10
Table 5-2B — Standard U-factors of Wood Frame Raised FIOOrS .............cccoooovoiieooeeeeeeeeeeeeeeeeeeee e 5-11
Table 5-2C — Standard U-factors of Wood Foam Panel Roofs/Ce|I|ngs andWalls" ..o, 5-11
Table 5-2D — Standard U-factors of Steel Frame Walls” ..............occooomiviioeeeeeeeeeeee e, 5-12
Table 5-3 — Descriptors for Exterior Shading DEVICES...........cccuiiiiiiiiie et 5-14
Table 5-4 — Heating System Standard DeSign Map .......cc.ueieiiiiiie it e eneeas 5-18
Table 5-5 — Cooling System Standard Design Map.........c.ueeiiiiiiie i e 5-19
Table 5-6 — Crawl Space Soil Slab Heat Loss Rate (F2) FActor ..........ococviiiiiii i 5-21
Table 6-1A — Summary of System Components: Water Heaters ............ooocviiieiii i 6-4
Table 6-1B — System Component Descriptions: Auxiliary INPULS ...........ooociiiiiiiiii e 6-4
Table 6-1C — System Component Descriptions: Distribution Systems.............ccocciiiiii 6-6
Table 6-2 — When Are Water Heating FOrms ReqUIred? .........o.ueiiiiiiiiei e 6-6
Table 6-3 — Summary of Water Heating FOrMS ..........ooiiiiiii e 6-10
Table 6-4 — Summary of COmPlaNCE SCENAIIOS ........ccoiiiiiiiiiiiii e 6-10
Table 6-5 — Standard Recovery Load and Standard ENergy USE .......ooiiiiiiiii e 6-18
Table 6-6 — Distribution System Credit/Penalty’ for Single Family Dwellings (per worksheet)..................... 6-19
Table 6-7 — Distribution System Credit/Penalty’ for Multi Family Dwellings (per worksheet)....................... 6-20
Table 6-8A — Basic Energy Use (BEU)* - Storage Gas Heater [no interpolation] ...........cccccvevviieiiiiieeeeee 6-21
Table 6-8B — Basic Energy Use (BEU)* - Storage Electric Heater [no interpolation] ..........c.ccccocveiiiiineenee 6-22
Table 6-8C — Basic Energy Use (BEU)* - Storage Heat Pump Heater [no interpolation].............cccccc.ocoee. 6-23
Table 6-8D — Basic Energy Use (BEU) - Instantaneous Gas or Electric Heaters [no interpolation].............. 6-24
Table 6-8E — Jacket LOSS (INAIFECE GaS).....ccoiiuiiiiiiiiiiee et e 6-25
Table 6-9 — Solar Fractions Table..........o.eeiiiiiiie et e e e e e e e s senreeeeeeaeeeaennnes 6-26

Residential Manual August 2001 vii



Table 6-10 — Wood Stove Boiler Credit FACOrS...........uuueiiiieeee e s 6-27

Table 6-11 — CliMate ZONE FACIOIS .........iiiiiiiiie et e et e e sttt e e e be e e s s e e e e annneeees 6-27
Table 7-1— Comparison of Compliance Methods for AdditioNS ...........ocuiiiiiiiii e 7-4
Table 7-2 — Prescriptive Requirements for AdditioNS ...........oeiiiiei i 7-7
Table 7-3 — Double Glazed Skylight and Greenhouse Window U-factors for use in Compliance ................... 7-9
Table 7-4 — Target Percent Leakage for Air Distribution Ducts Serving Existing-Plus-Addition Duct

R £53 CT 01 SR 7-13
Table 7-5 — New Water Heaters Permitted in Additions — Addition Alone Compliance Method .................... 7-16
Table 7-6 — Default Assumptions for EXisting BuildingS...........cooiiiiioiiiiie e 7-22
Table 8-1 — Slab Insulation Requirements for Heated SIabs ... 8-23
Table 8-2 — Minimum Air Movement Requirements for Evaporative Coolers Minimum Air Movement'....... 8-26

viii August 2001 Residential Manual



List of Examples

Example 1-1 — Historical BUIlAINGS .........cooiiiiiiiiii ettt 1-11
Example 1-2 — MODIle HOMES ...ttt e e e e et e e e e e e e e e ee e e e e e e e e nnnnneeeas 1-11
EXample 1-3 = FOM CF-BR ... e e e e e e e e e e e e e et ae e e e e e e e eeanssnaeees 1-17
Example 1-4 — Plan Checking/ Field Inspection Requirements............cccceviiiieeiiiiiie e 1-21
Example 1-5 — Administrative ReguUIatioNS ...........coooiii e 1-23
Example 1-6 — Code DeCiSIONS SCENAIOS. .........uuiiiiieieeiiiciiii it e e e e e e e e e e e e e e e e e e s e e e eeaeeeeennreneeees 1-24
Example 2-1 — Application of Mandatory Insulation LEVEIS .............cuviiiiiiiiiiiee e 2-7
Example 2-2 — Wall INSUlation SCENAIIOS ..........uuviiiiiiieiiicieie et e e a e e e e e ae e e e e s s snnrnaaeees 2-12
Example 2-3 — Mandatory Measures Applied to Fenestration............o.cci e, 2-20
Example 2-4 — Decorative Gas APPHANCES ......oiuiiiiiiiii ettt 2-27
Example 2-5 — Setback Thermostat Requirement....... ... 2-33
Example 2-6 — Water Heater Pipe INSUIAtioN ......... ..o 2-46
Example 2-7 — Continuously Burning Pilot Light.............ooiiiiii e 2-50
Example 2-8 — Energy-efficient Kitchen Lighting, General ..o 2-53
Example 2-9 — Non-IC Rated Incandescent FIXTUreS .............oooiiiiiiiiiiiiiiiiee e 2-56
Example 4-1 — HERS Rater Conflict Of INtErest...........cooooiiiiiiiii e 4-13
Example 6-1 — Single Family, Gas Water HEater ............cccuuuiiiiiii i 6-27
Example 6-2 — Single Family, Heat Pump Water Heater ..o 6-27
Example 6-3 — Single Family, Two Gas Storage Tank Water Heaters..............cccovvieiieiiiiiicciiece e 6-28
Example 6-4 — Single Family, Three Gas Storage Tank Water Heaters ............cccoveivieiiiiiccine e, 6-28
Example 6-5 — Multi-family, Separate Gas Water Heaters for each Unit ............ccccccoiiiiiiiiiii 6-28
Example 6-6 — Multi-family, Temperature Controlled Recirculation System ..........cccccceiiiiiiii e 6-28
Example 6-7 — Single Family Addition, Replacing Existing Water Heating System .........c.cccccciiiiininen. 6-28
Example 6-8 — Single Family Existing, New Instantaneous Gas Water Heater .................cccoooc e 6-29
Example 6-9 — Single Family, Non-recirculating Gas Water Heater..............ccccooiiiii e, 6-29
Example 6-10 — Single Family, Existing+Addition, Electric Water Heater.............ccccccoviiiiiin i, 6-29
Example 6-11 — Single Family, Replacement Gas Water Heater............ccocviiviiiiiii e 6-29
Example 6-12 — Residential Building, Gas to Electric Water Heater .............ccccoooiiiiiii e 6-29
Example 7-1 — Prescriptive Requirements — Additions Less than 100 B2 et 7-8
Example 7-2 — REUSE OFf WINGAOWS .......uuiiiiieeiiicititii ettt e e e ettt e e e e e e st e e e e e e e e esansbsaeeeeeannnrnraneeaaaeeas 7-8
Example 7-3 — Accounting for Greenhouse WINAOWS ............ooiiiiiiiiiiiiiie ettt seeeee e 7-9
Example 7-4 — Radiant Barriers in AAAIfIONS ..........ooi i 7-9
Example 7-5 — Existing Electric Resistance Heaters............c.oo e 7-11
Example 7-6 — Refrigerant Charge and Airflow or TXV in Additions ..........ccccueeiiiiiiiiiiii e 7-11
Example 7-7 — Duct Sealing in Additions — Extending a Duct from an Existing System ............c.cccccciien. 7-14
Example 7-8 — Refrigerant Charge and Airflow or TXV in Additions ..........ccccuveiiiiiiiiiii e, 7-17
Example 7-9 — Existing-Plus-Addition Analysis Using an Approved Computer Method..............cccccevnnnenn. 7-19
Example 7-10 — Refrigerant Charge and Airflow or TXV in AdditioNS ..........ccccviiiiiiiiiniiiee e, 7-19
Example 7-11 — Duct Sealing in Additions — Compliance Credit for Sealing Existing Ducts................c........ 7-20
Example 7-12 — Radiant Barriers in AAAItiONS .........oooiiiiiiiiiiiiiiie e e e e e eee s 7-20
Example 7-13 — Moving EXisting WINAOWS ...........uiiiiiiiiiiieiieee ettt e e et e e e e e e eannraaee s 7-26
Example 7-14 — Alteration With NEW WINAOWS .........cccoiiiiiiiiiiiiiie ettt a e 7-26
Example 7-15 — Replacing WINGAOWS ........coo ittt ettt e e et e e sneea e s enneeeeas 7-26
Example 7-16 — Adding a greenhouse window to an existing building.............cccoociii e, 7-26
Example 7-17 — Alteration of EXisting DUCE SYStemM .........coo i 7-27
Example 7-18 — New Air Handler and Plenum Platform ... 7-27
Example 7-19 — Replacing HVAC SYStemM .......ooo et 7-28
Example 7-20 — Replacing Water HEaters. ... ... e e e 7-29
Example 7-21 — Modeling ExXisting-plus-AREration ................oooiiii e 7-29
Example 7-22 — Buildings Damaged by Natural DiSasters ............ooiiiiiiiiiii e 7-31
Example 8-1 — Multi-Family Building Compliance, EXamples............cocuiiiiiiiiiiiiiiiee e 8-3
Example 8-2 — Multi-Family Building DUCE TESHING ...ooeoiiiiiiieeie e 8-4
Example 8-3 — MUltiple OrieNntatioNS ..........coi i e e e e e e e e e e e e e e e s r e e e e aaaeean 8-7
EXaMPIE 8-4 — Pellet STOVES ... ettt sttt e s naee s 8-15

Residential Manual August 2001 ix



Example 8-5 — Wall Installed WOOd STOVE .....coooeiiiiiiiiiiiiie ettt e e e e e e et rae e e e e e e aanes 8-15

Example 8-6 — Laundry Room and Bathroom Zoning ..........ccoocuiiiiiiiii it 8-19
Example 8-7 — Zonal Control Credit ...........ooo i 8-19
Example 8-8 — Dedicated Hydronic-heating System...........coooiiiiiii e 8-24
Example 8-9 — Slab edge Insulation ReqQUIrEMENtS ...........oooiiiiiiiiiiii e 8-24

X August 2001 Residential Manual





